Objective: To map and describe the geographic distribution of pediatric hospice care need versus supply in California over a 4-year time period (2007)(2008)(2009)(2010). Methods: Multiple databases were used for this descriptive longitudinal study. The sample consisted of 2036 children and adolescent decedents and 136 pediatric hospice providers. Geocoded data were used to create the primary variables of interest for this study-need and supply of pediatric hospice care. Geographic information systems were used to create heat maps for analysis. Results: Almost 90% of the children and adolescents had a potential need for hospice care, whereas more than 10% had a realized need. The highest density of potential need was found in the areas surrounding Los Angeles. The areas surrounding the metropolitan communities of Los Angeles and San Diego had the highest density of realized hospice care need. Sensitivity analysis revealed neighborhood-level differences in potential and realized need in the Los Angeles area. Over 30 pediatric hospice providers supplied care to the Los Angeles and San Diego areas. Conclusion: There were distinctive geographic patterns of potential and realized need with high density of potential and realized need in Los Angeles and high density of realized need in the San Diego area. The supply of pediatric hospice care generally matched the needs of children and adolescents. Future research should continue to explore the needs of children and adolescents at end of life at the neighborhood level, especially in large metropolitan areas.
Introduction
According to the most recent US annual summary of pediatric vital statistics, just over 42 000 children and adolescents die each year with states such as California leading the nation in the number of pediatric deaths. 1, 2 Life-limiting conditions such as neuromuscular disorders, cancer, and cardiovascular disease are leading causes of health-related mortality among children and adolescents. 3 An important approach to caring for children and adolescents with these life-limiting conditions that ensures their physical and psychosocial comfort is pediatric hospice care. Similar to adult hospice care, pediatric hospice services are organized around a collaborative team method of care that focuses on alleviating pain or other symptoms, 4 except that pediatric hospice care is targeted to the needs of infants, children, and adolescents and their families. 5, 6 Pediatric hospice care is delivered in hospitals, freestanding hospice facilities, nursing homes, or the patient's home. 7 The benefits of hospice care have been documented 8 ; however, fewer than 10% of children and adolescents utilize this end-of-life service. 9 Although families, caregivers, and clinicians play a vital role in ensuring utilization of pediatric hospice care, 10 emerging evidence suggests that geographic access to hospice services for children and adolescents remains a concern. Our initial study of geographic access to pediatric hospice care in Tennessee found that over a 3-year time period, children with cancer had a potential need for hospice care that was not consistently met by hospice providers across the state. 11 Other work has focused on geographic access to hospice care for adults. Lackan and colleagues 12 and Campbell and colleagues 13 found that the most rural counties are least likely to have a hospice provider. Similarly, Watanabe-Galloway and colleagues found that elderly patients with colorectal cancer in rural areas were less likely to use hospice services than were their peers in metropolitan areas.
14 However, a study examined 2002 to 2005 data from cancer decedents in Alabama and found that almost 70% of counties in Alabama contain at least 1 hospice provider. 15 More recently, researchers used 2000 Medicare data and found that 88% of US adults live in communities within a 30-minute drive from a hospice. 16 Thus, evidence suggests that the supply of hospice providers may be changing to meet the needs of patients with life-limiting conditions, but it is unclear whether children and adolescents at end of life are impacted by these changes in geographic access to pediatric hospice care.
Understanding geographic access to pediatric hospice care is important because families increasingly desire to bring their children home to die at end of life. 17, 18 Families have a need for accessible pediatric hospice care in their communities. Geographic factors such as service area, travel distance, and travel time have been shown to influence hospice use. Children and adolescents who reside too far from a pediatric hospice provider or outside the general hospice service area cannot use that hospice's care. [19] [20] [21] Lengthy travel times due to traffic congestion may also contribute to hospice use, especially in urban areas such as Los Angeles with its notorious traffic jams. 21 Knowing more about the geographic need and supply of hospice care for children and adolescents may provide important administrative and policy insights for expanding utilization and improving the delivery of hospice care for children. Therefore, the purpose of this study was to map and describe the geographic distribution of pediatric hospice care need versus supply in California over a 4-year time period (2007) (2008) (2009) (2010) .
Methods

Data Sources and Sample
Multiple databases were used for this descriptive longitudinal study. The first data source was the 2007 to 2010 California Medicaid claims files (Medicaid Analytic Extract [MAX] ). The MAX Person Summary files provided demographic, health status information and health-care services information. The MAX Other Services files provided International Statistical Classification of Diseases and Related Health Problems (International Classification of Diseases, Ninth Revision) diagnosis codes and Current Procedural Terminology codes for hospicecare services. Medicaid data were used because children with a life-limiting health condition are commonly Medicaid beneficiaries. 22 California was chosen because it had the largest population of children enrolled in Medicaid and provided a relatively large sample size. 23 The years 2007 to 2010 were chosen because these were the only years that social security date of death was included in the Medicaid data files.
From this pooled, cross-sectional data, a sample of California's children and adolescents who died with a life-limiting, complex chronic condition was drawn. 24 To be eligible for this study, children and adolescents were <21 years of age. Inclusion criteria included children and adolescents who died between January 1, 2007 and December 31, 2010 and who were enrolled in the California Medicaid program for any part of their last calendar year of life. Children and adolescents, who participated in Medicaid-managed care plans, had missing entries, or were non-California residents, were excluded. The final sample was 2036 children and adolescent decedents, after applying the inclusion and exclusion criteria.
The second data source was the 2007 to 2010 California Office of Statewide Health Planning and Development State Utilization Data File of Home Health Agency and Hospice Facilities. These data provided administrative and location information on hospices, including the latitude and longitude of their primary office.
Hospices that provided care to any child or adolescent with an office address in California were included in the analysis. Hospices that ceased business operation, were home health only agencies, or had missing location data were excluded from the analysis. The final sample of pediatric hospices was 136 pediatric hospice providers. This study was approved by the Institutional Review Board of the University of Tennessee, Knoxville.
Measures
We used geocoded data to create the primary variables of interest for this study-need and supply of pediatric hospice care. 25 Two separate variables of need for pediatric hospice care were created. Children and adolescent decedents with a life-limiting condition, who did not utilize hospice care, were defined as having a potential need for pediatric hospice care. We operationalized potential need as the residence of children and adolescents based on the centroid of the family's residential zip code. Realized need was defined as dying with a life-limiting condition and utilizing pediatric hospice care. It was also measured as a geographic coordinate based on the centroid of the family's zip code of residence among children and adolescents who utilized hospice care. The supply of pediatric hospice care was defined as any hospice provider that cared for a child or adolescent during the study time frame. We operationalized it as the latitude and longitudinal coordinates of a hospice provider who provided any pediatric care services.
Demographic characteristics of the children and adolescents were used to describe the sample. Age was categorized as <1 year, 1 to 5 years, 6 to 14 years, or 15 to 20 years, and gender was whether the child or adolescent was male or female. Race was Caucasian or non-Caucasian, whereas ethnicity was Hispanic or not. Individual measures were created for the diagnoses of neurological conditions, cardiovascular conditions, cancer, and congenital anomalies.
Characteristics of pediatric hospice providers were also included. Organization size was categorized based on average daily census as small (<25 patients/day), medium (26-100 patients/day), or large (101þ patients/day). For-profit or nonprofit/government was the measure of ownership. Affiliation was freestanding or nonfreestanding hospice, and accreditation was whether the hospice was accredited. Whether the hospice had a dedicated pediatric programs was a measure of a pediatric program.
Data Analysis
Descriptive statistics were calculated for children and adolescents and hospice providers in the study using Stata 11.0 (StataCorp LP, College Station, Texas). Using geographic information systems, we created heat maps of the geographic distribution of pediatric hospice need and supply. To create maps, ArcGIS Online (ESRI Inc, Redlands, California) was used. We used a base map of California from the ARCGIS Online system and added our geocoded data from the children and adolescents and pediatric hospice providers to create a spatial database. 26, 27 Because we were interested in assessing hospice need density around a point source (ie, pediatric hospice provider), we use a focused method of spatial analysis. 26, 28 Spatial density analysis involves the detection of clusters in spatial data. 29 For this study, we used heat map analysis to visualize the density of hospice need around hospice supply. 20 Maps were created using the point density option in ArcGIS Online. Interpretation of the heat map is based on the color of the clusters on the map. Shades of blue represent low density, red is medium density, and yellow is high density. Separate heat maps were created showing the spatial relationships between the need (ie, potential and realized) and supply of pediatric hospice services. Points on the map were used to illustrate the location of hospices that provided any pediatric care. The geocoded points of pediatric hospice providers were added to the heat maps to identify areas where the need for hospice care matched or did not match the supply of pediatric hospice services. As reference points on the maps, the major metropolitan cities of Sacramento, San Francisco, Los Angeles, Fresno, and San Diego were included. Table 1 summarizes the children and adolescent decedents from 2007 to 2010. Almost 90% of the children and adolescents in the sample (89.39%) had a potential need for hospice care, whereas 10.6% had a realized need. Among the children and adolescents who used hospice care, their average length of stay in hospice was 26 days, with a range from 1 to 332 days (data not shown). In our study, children and adolescents were most commonly between the ages of 1 and 5 years (32.2%) and male (52.8%). Less than a quarter of the sample was Caucasian (17.2%), and more than a third was Hispanic (36.8%). The frequency of diagnoses was 53.1% for neurological conditions, 40.3% for cardiac conditions, 28.9% for cancer, and 18.4% for congenital anomalies.
Results
Description of the Sample
The characteristics of California pediatric hospice providers from 2007 to 2010 are presented in Table 2 . Among the pediatric hospices, a majority (61.0%) were medium-sized providers. Most providers were nonprofit/government ownership (64.7%) and freestanding (58.8%). Almost 40% of pediatric hospices (39.7%) were accredited, whereas only 21.3% of pediatric providers had a dedicated pediatric program. During the study time frame, California pediatric hospices provided care to 583 children and adolescents (data not shown). Figure 1 maps the potential need and supply of pediatric hospice care. The potential need for pediatric hospice care was present throughout most of California. There were areas in northern and eastern California where there were no children, who had a potential need for pediatric hospice care. The highest density of potential need was found in the areas surrounding Los Angeles. There was a significant concentration of children and adolescents in Los Angeles who did not utilize pediatric hospice care and yet died with a life-limiting condition. In this high-density area, 36 hospices supplied pediatric care during the study time frame. There were no other locations within California with a significant density of potential need for pediatric hospice care. The realized need and supply of pediatric hospice care are illustrated in Figure 2 . The realized need for hospice care also varied across California. Generally, children and adolescents had a realized need for pediatric hospice throughout the state. Exceptions were found in northern and eastern California where there was no identified pediatric hospice utilization. The areas surrounding the metropolitan communities of Los Angeles and San Diego had the highest density of realized hospice care need among children and adolescents. In these high-density areas, the supply of pediatric hospice providers was 36 pediatric providers in the Los Angeles area and 3 providers in the San Diego area. There were no other significant clusters of realized need in the state.
Spatial Analysis
Discussion
Our study mapped and described the need versus supply of pediatric hospice care over a 4-year period of time in California. We sought to identify the geographic patterns of pediatric hospice care need and supply among children and adolescents at end of life. We used measures of need for pediatric hospice care based on the utilization of hospice care, along with a measure of supply of pediatric hospice care based on a hospice providing any care to children and adolescents. The study identified critical areas where there were differences in potential and realized need, and yet, these areas often had a supply of pediatric hospice providers.
Our findings demonstrated that there was a consistent potential and realized need for hospice care among children and adolescents who were geographically dispersed across the state of California. This finding is consistent with prior work exploring the need for hospice care in Tennessee 11 and Alabama. 15 Although there were a few areas in the northern and eastern portions of the state where there was no need, we found that the need for hospice care for children and adolescents was geographically distributed across the state. Interestingly, the study identified that the Los Angeles community had high density of potential need, along with realized need. In other words, children and adolescents who used and did not use hospice care were clustered in and around Los Angeles. We conducted a sensitivity analysis to explore the phenomenon at the neighborhood level and found that there were differences in need among neighborhoods. 30 There were clusters of potential need within the inner city of Los Angles, whereas realized need tended to be present in areas outside the inner city. Los Angeles is such a large metropolitan area that the needs of children and adolescents in each neighborhood may be sufficiently unique. Clearly, additional research is warranted that explores the geographic need with a different geographic unit of analysis such as the neighborhood. 31 This neighborhood research might also include community characteristics to gain a deeper understanding of the potential need for pediatric hospice care. We also observed a high density of realized need in the San Diego community and a low potential need. A possible explanation of this finding might be the nature of the supply of pediatric hospice providers in the San Diego community during the study time frame. Between 2007 and 2011, the largest provider of pediatric hospice services in California was located in San Diego. The San Diego Hospice was one of the leading hospice providers for children and adolescents in the United States for more than 30 years and cared for 75 to 100 children and adolescents annually in the San Diego community. This pediatric provider supplied hospice care to a significant number of children and adolescents in the community, which may have reduced the potential need (low clustering), while meeting the realized needs (high clustering). Although our data did not allow us to examine patient outcomes for children and adolescents at end of life, future research might examine geographic variation in end-of-life patient outcomes. In addition, the San Diego Hospice filed for bankruptcy and closed operations in 2013, which was after our study. 32 In future studies, it would be interesting to explore the geographic patterns of need versus supply of pediatric hospice care in the aftermath of the closure.
Our study revealed that no areas lacked a supply of pediatric hospice providers to meet needs of children and adolescents at end of life. This finding was consistent with the work of Thompson et al, 33 who reported that there was significant growth in the hospice industry during this time frame. In addition, Carlson et al found that 88% of the US population resided in a community within 30 minutes of a hospice, 16 whereas Jenkins et al reported similar results in Alabama. 15 Among the pediatric hospice providers in our study, we also noted that almost 30% of the pediatric hospice providers did not have a special pediatric program, and a majority were medium size. This finding suggests that even though a group of providers may not have dedicated pediatric resources, they were still able to supply the needs of children and adolescents.
Although this was one of the few studies examining the geography of pediatric hospice care, there are a number of limitations. First, this study was conducted with California Medicaid claims data, which limit its generalizability. However, California has the largest population of pediatric Medicaid residents and is a leader in pediatric hospice care by implementing new and emerging pediatric end-of-life care services. 10 As such, exploring geographic variation in California may provide important insight into the pediatric end-of-life use and nonuse for other states and the nation. Second, the data set included the last calendar year of life for the children and adolescents, and it did not include a comprehensive claims history. Finally, our analysis was descriptive, and no causal relations can be drawn from the findings.
In summary, the goal of our study was to improve the understanding of need versus supply of pediatric hospice care at end of life. We found that the need for hospice care was geographically dispersed in the state of California. In addition, there were distinctive patterns of potential and realized needs with high density of potential and realized needs in Los Angeles and high density of realized need in the San Diego area. We also found that supply of pediatric hospice care generally matched the needs of children and adolescents. Future research should continue to explore the end-of-life care needs of children and adolescents at the neighborhood level to determine what community, family, and child/adolescent factors might influence the potential need. Our study reinforces the necessity of considering geography when targeting care for this underserved population at end of life.
